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"How to Incroose Speed and Havings?!

A Uimple Intreduclion to the Technicue of "Optimization"

by Jin ¥an

In desiming an airrlone, how c¢~n weirht be mininized -:ithin
the reauirencnts of oiequain saflety and reliability? In
dosigming o rociiet, how crn nacimur ronce be actieved ithin
the Tixed con i .ion of ‘ike-o!f weight? The techiiinue of
"oplimization" can te borrowed to helw unelve »rablems of this

14 ind .

The iLechnirue of Yontimization' is a n wr roatm leveloned by the technicues of roésrn
seirnce: it3 role in specialized, theoretical reo arch and swecialized technical applic-

a.'ions has anpear~d in ine last few decaies and narticvlarly in the last ten or 5o y.=~s.

e I ) LA n

Mhig davel moent cannot be sontmted from the nracticnl recuirerments of the devele uwent
of scince anl “acinelogy and the develooment and wide-srrand use of computer ltechnology.

TE . QITGIN GF THT SCHCTPT OF MOrUTIIZATTONM

Cne cruld oov that the ovicinal concept of "oriimization® cxisted very =orly, Tox
exemnle, ucing a string of 2 given 1length, what kind of shape should it be 12id ¢oum in
so At it encomrantes the larpest area? Men had alresdy answered this quection cven in
~ncient times: wuse the string to encommac: a circiey, and it will enclese a larger aren
“han any other share. However, 2 theoretlical investiatlion and colution hed to wnit
until the eirhteenth century,

In 1696 Johannes Be-moulli published a leiisr calling the aileniion of mathematicians
to the so-called mroblem of the fasi st slove and fantest lir~ of descent, The problem
stntess ~iven two moints A and By not delining a horizonital ’ine, what line can be fol-
loued between the two noints in the chortert time (see ficure 1), At first sight, it
it geens thnt a strairht~line distcnee is short-nl and, ‘thercfore, would resuvire the
shortest time. llowover, it is not so, In i¥- 1i;:b! of latsr =es-arech, we know Shet Lthe

Cn

fartect line ol dezernt is 2 cirenlar line., “his is breauce, 21 onch the tine is icni 1y

“n obiaci ~ecquirna more speed on the veleiively longer line garment, From the invee=

ns of mon into the roklems of Taciest line of “encent and the cirecunf wnee of

o)
-~ eircley vhich have b on mentionad ainve, eaae the study of variation. And 'lie methods

1 rpri-ath
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of the s‘udy of wariation have vory inmoriint nses in solving 21l kinds of "eniinization™
problems,

In Chinere history, the story is told of the horserace belwern Chi vang anl Tyan Ji.
Cne day, Chi Vang wanted "van Ji to have a horserace with him, and he ciirulaini ihat onch
of them would choose one herse from among their gocd horses, mediocre horses an' had lor5esS,
Iorecvsry he also stirulaived “tiaty, i aryone's horse lost, the loser must pay a thousand
vieces of ~0ld and, if a horce won, the winner would get 2 thousand picerc of ¢old, Lecause
Chi Vang's mood, mediocre and had horses were all sironger than Tyan Ji's horses in the
corrrcnonding eclatses, it secemed that Chi “ang would win three theussnd nicees of old,
Touever, Tyan Ji's advisor, Swun Bin, put him in nind of o stratesy. If Uyan Ji uced his

'

tad horse ~mainst “hi Vang's good horse, used his rm-diocre horse azainst Chi .ang's ted

horse and used his gcod lorse against Chi ‘ang's mediocre horse, then, the rcsult of the
race would be that Tyan Ji's good and mediocre horces would bhoth win, and he weuld win »

thousand niesces of old, This is a simple ~xample of an "optimisalion” protlem,

-~ .

e e ——

Mg 1, Pastesi Line of Descent

Trori the ex-mple above, we can unisrsiand the origin of the original conccpt of "ovtie

~ization” =~nd its development, VWhat it is neces ary to peint out is that, only if z iven
coriety has oractical nends is it rozsible fo nromote the snecdy develonment of that sociely.
Susing the Gecond Tlordd ary fror the problem of the ortanization of rreduction, the nro-
tlem of materinl enoriination and shirment, the problem c¢f the <disrosition of trocns, the
nrobl-m of aerial reconnai sance and submarines, from these »racticnl reocuiremonis, cone
thoories of planning, throries of counter-m-~-ures and so on, Radar technology wis dis—ove

eed and begn to be an uicd during the poried of the rcond Vorld Vinre Tt was 2 huge

-
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technolorical step forward over the old metiiod of Jemending on he-aring the sound of engines

in ord~r Yo fix the rosition of aireraft, 'This ster forwarl caused the ornorumitiec for

intsresnting enemy bonbors to ;o up ten fold, noreov r, “opntimization" workers, in arnnlying

1

tiis new trchnique, raised it again to twenty fold., This makes clear that the anplication

of on rruearck ‘nto Montimisation" tochnioues have renl cignificance, Tariicularly ir ihe

Jact .o veors o 80y the develon. ent of automatlie control itechnology and aviatlion lech-

1

nolny bas sivon rice fo demands for hipgh preciszion, high relisbility and hirh spesd and

corea urntlly to a onet of "ortinirzation"” problems, Al the same fime, due to the cevelopment
of commut~or tochnelogsyy those nroblems could not only be deceribed in Lroms of mathemalics,

but 2lso breame uscerptible to nructicnl enlntions, Yo soy it in veveoraze, the wide voriety

of ov ryday anclications of computer toctnolory eaused men to be able to a-rly "ortinziz-

rtion™ *ncivci ues Lo solving on even groator voriely of rrmeiical nroblems, lo obizin even

“obter peonoric nnd technoloicnl resulits andy hecause of thisy to atiret the attention

3 Fad

ané ~otesn of nreorla to an ev r=incinining helsree.

"0 tirun" ncans goody  peed and vsd can only be tnlked about in torms of their mutunl
¢ ocitiony enistence an” develonwment only exist in terms of mutual comparisons.e What is
c~lled "on iniza‘ion" is o 1y ihe exvec’z'ion that, under srecific conditions, good objee-—
.ives retun’ly ean he renched,  “hat we normally <2lk about a geod and bad is only a
nualitrtive conceopty investinte to any derree you likey, thrre still is no clear si-ndnxd,
“ecnuse of this, during research into conerete nroblems, it is not enough o <inmrly ‘alk
about good 2-d bad; it is still necessary lo have a spercific standard of nencure, I

we con setl un o stondard of good and bad based on the wenuirements of w»rnctical rrohileoms,

e}
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nd bevond thic, use exva icnl formilas to express the various ilynes of coniiiions
~nd bevond T yi ’

then one could iturn tis kind of nrsoc’icnal vroblem into a maithematicel - uvesiion for nur-

Py e

os2z of ves arch, "This is the matheraticnl fmnlica®ion of Yentirizas

re3

SULUCUTIG U CLonnT TIAY

Telow, we “rocent 2 simrle evample, u nose we want to manuTrelure o cortrin kind of

machine tocl, and each machine tocl renuirnes three ‘y-es of siafts (4, © and C, which have

different morourenientsy  the suecificatins arve given belows

Type Cpecification (in mcisrs)  HNoe needed p-o machine tocl
A 20 1
D " 1

1.r'.
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Ay P and Cwtyves of shafts iss

These shaf'ts must use the s—me ityve cf steel 1rod for finishing; its length is 7.4 metcrs,
The current »lan requires the manulncture of 100 machine tools., We muct ask: ot a minimum
how many strel rods st be used to finish into the strel shafts?

This is a queciion of choosing the most econonical plan. If one chooses a woriable
nlan, the problem is not difTicult to solve, relying on exnperience, Ior cramile, iaking
50 steel rods and cutting :ach one into lxo A-type rods and one C~iype rod, one would get
a nundred \~type rods and 0 C=tyne rods: +inl-ing another 2% steel rods and cutting c-ch
into two C-type rods and two B=type rods, one would get 50 C-tyve rods and 50 B-iyre rods,
Towy, we are slill short 50 3-tyone rods and still neced 17 st el rodn, In this woy, we wenld
use 92 rode of vaw mat~rial all togethor, This, of course, is a workable rlan, IHowevcr,
is jt the mosty econoi._enl nlan? Ve still cammot answer thot, I it is not, can we {ind
.

the nost economicnl plan through mathematical deserintion?

In oi>r to do <his, we arran~e the various cutting methods in the .=ble brlows

Cutting tethod ilo, loe of 2.9m Rods (A) Hoe 0f Zeim fods (B lo, of 145m itods (C) Ixcess (m)

2 0 1 O
2 ] 2 0 0.3
z 1 C 3 0
A 0 2 2 0.2
5 0 3 0 1.1
6 1 1 1 0.2

-

loolting a. the indble, ncing plans 5 and 6 rroduces a relatively large anount of nicess
- -
u*:]_i’,l,

o+

his is uns~iisfctorys Using plans 1 and 3 to cut nroduces relatively little
excest nat~rial and is nmore caticf-clory, however, these nlans do not meet the recuirenient
becauce they 3o nol rroduce any 7.1 meter sh-ofts. DBecause of this, we must sinuli-neously
test plans ? and 4 and how they satisfy the requirements. Wow our quesiion ist using plans
9 25 3 2nd 4 hovw many rods will ~ach rlan use to nroduce 100 sets of shafts and still
mininize the btotal of wosted rois of raw matorial?

If we su-rose that the number of rois to be cut using rlan 1 is X1, the number of rods
to he cut using plm 2 is X2, the number of rods to be cut using plan 3 is XB and the number ]

of rols to be cut using plen 4 is X/, we can then say that the total number of ecach of the

Mo, of A-trpe shafts=2X +A2+A3

0. 0of B=tyne hzfts—2f9+i‘4

0, Of C='vne zhaftis=y 42K
o ¥ a 1+5 3+2%)

~djm




Tn crd-r to match up the Lyn:s of shafts to make 100 scts one can ar-ive at the table of

matrematlicnl forwlas bhelows

2X, ~ Xy + Xy =100
; 2X,+2X,=100 (1) ;
, X.+3X,+2X4=100
Xi=>0, i=1, 2, 3. 4, |
; .
1
1
' The totnl numb.r of chafts anpended is: 4
} fXpy Xaw Xpo XO=X,+X,

! + x; + x‘ 2) !

[ Our -voblen is ‘hen to 4-vive the smallest velue of (2) riven the conditions in (15
:‘ e nmigmate (7) to be the trrget Dmetion, lezimate (1) to be the rosisieting contilicns,
E d~sigete :"’*5 the desimm chonre n acure, This {8 a nroblom in delemnining extrome voluss

: wnt oenn be called Aan Yoo problem. Solving the nroblem we get the follovirg

SRS REARIAR A )

8 Xy=20, Xyus40, Xq=20,
: x.‘lOp x|-1°' X,-so,
X,=30, X, =0, ®2"--

This woy one will ~xmend 90 steel rods 2nd et ernelly 100 sets, This indred is il
sinsle —ost econcmic~l method, ;
Yrom the discuszzion above one can zec that, if this kind of sinmple - roblem dozs not
have a single solution and if one Jereonds only on the "trial and error" method it will be
very 3ifficuli to find the o "iiun nlen and 4if "icvlt 1o »rcormize it as such if one does
find it. However, 2finr roing ihrough this 17ind of matherzatic:l trertront, it is then veory
2n7y to find the oviimur vlan, ‘ !
In ~uite a Tow oororlems whicelh arise in encin ering technology, for evomiyle, we wont ’
o tosiryioa nulilesioge vockat and must attain a nre-deteriined speed with ninirm fuel
consurntiong  nerhnars, undzr an asounriion of o civen lotnal weight, one rust covrcellz b
4
Aistribute woi -t anong the varicus sies in ord-» to obisin maximwn vonge; ory to give
annther cx-pirle, we ave denirmine an airnlane and rocuire ninimum weicht ithin the require-
nente of adcan~ie salely and relinbilitys ory in protlens of intorcceplion in apece and
nrrital chanres in cmace, one nreds minioun times, ric,. These tyrez of auenticns
ara, of scourie, ruch more comrlox Lhan the nrobler of caving vow raterizl mentioned aliove,
S0y desending on rencrience and A "irial an’ ervor" nothod vould, cencrally snenting,
) 1
» |
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only sroduce o ba~ly woriable methiod aven at the oxcense of a sreat denl of vorke, If,

g After vo janile ~woblans in nceorisnce vith ihe wrinciilen and methods of "onti inmuiony”

; we advanaa low-n! pood £oals always coreiulls ovsnining the voscibilitiss of every citu- g

; ation nceordine Lo sone stratecy, and aveid z2irlecsress in this way, we will ceriain:y ‘:

: ranch Zonls very cuictly.  faving compuiers, we con ouse them to automatically search out i

§ “he outirum nlan, 1
? DITIUT STOIAN

f Pollowing along viith the develorment of scionc~ and technolory, ench science nnd tech-—

f noloienl re=lm vias —~rodueed large sunbers of ovtimization problwms, The cow.n tyiez of ‘
; aad nch of these tymes has been or::nized into a sernirate 3
boneh of study according to the snecial nature of ~och of the tyrns of auesticnse Looking

1 from the reint of viev of anlied onoineering technology, we can gencrally identify threo

f Lrnes of wroblems:  ~ne tynpe is process control nroblems and ontimum control roblensg

' one lyre is > roblens of selecting ortimunm nlans referrsd to as ortimum designy ‘he tnird 1
‘ brve is evoorinentotion/iesting problers ond rroblems relating to the ontiriration of :

‘ arcevinentalionfiesting, {
.

| Termay e will introduce again the genceral situation resarding oriimun Cesicn. ]

e alwnys hone to be able to seleet a relatively ovtimum vlan when carrying oubl any

~ince of en—-incering dosien, However, concnrning systems with relaiively comnlex Jesigns,

2

Tolloving traAition~l 2-sifm netholds, dooioners often have difficulty renlizing th ir own
1 rreciztions,  Jor evom-les, cuntese we vorit 1o osirn an airplane according to ir-itional

insirm nethods, first, Trom the ero-ri-nce of ithe desirmers, choose initinl v~lues for the
reflgurex,

, varioug Assign varcmet rs and form a prelirinary »lan A the various carabilitiss of

| this rl-n and cemvare then Lo the d-sim -~ ouirenamis, Generally svoating, one estirate

| will e~rininly not Allow one fo aderuwiely satisfy reculrementsy since this is co, one

| Lhan maeds Lo correct cortoin varancicrs and formy @ accond rlang rereating ihis process
hron~h arveral rofincnants, one arrives al a nev nian vhich paticfies renuirements and
“hen shong,e lownvowy cilhoa choneee in teziim mreanieters, one neods a new esiinaie of weighi,
~remilsion eanalilitien, arroiym-miec characterigtics ond, on the basis of therse, a now
Tituring of e nirerTt cawbilitiesy becauvse of this, there 5 a gyt 101 of work
. . . figuring L.
involved in A . 2 nav '«jlen. Bocouse of thisy design- rsy hen they ore foriming, cn
»~oform only o very £ w checks; generlly, they can only readjust a fow = ronelers (for
cxanpley pow~r to weisht ratio, wing TOQﬂmg sspect ratio, ror énfleciion, aiCe)e At
the same tine, nrocticsl Anzirn work s T oreauires going throuch tecting in oxer to vel-

id~te 2 designg for evamnle, the wind tunn~l tect in the rroject d-uiym rhase. ue to
the crrense ond dime imvolved in testing, it is only possible to all-w a very sazll wuber

of loois to be nedes Designs done according fo this kind of decign process ar ngualie
-5
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only "workable mohods" vhieh cimply sotisfy reouirer rts;  they are not ontiran nethods,

By using comruinrs one con fimmre out a larse nuiber of nossible melhods of various

et
r~

tyves in 2 v-ory short time allowing onc ‘o choos~ Ehe ¢ timar method from anmong therms

1"

ig nonifently a4 wesd step Torwari when corcarsd bo the "irial and errcr” method vhich
‘erends on exnarviecnce of a given levely, oven inclu'ing subjec ive personal deecisicns, and
vhich con only tive careful conciderntion 1o 2 nnail nunber of Tactors. lowever, we must
point out that, vwiile we can use computers to car v sut desipn work, the method of calou-
lating all the rossible plans still is not the best one, That being the cz2ue, can we tnink

. -

of 7 way of figuring out the ontinmum methed without firring out 2ll the nouasible methods?

This is mnozrible, Qpiinicalion theory and mothodsy -nriicularly nor=lincar nrosraning
thods, offar a foundation for ontimum comrut-r design, In the w-y we have discunzed

tefore, we will nlie a praciical nroblem and turn it into 2 mathematicol rroblen in

ootiniration, set un a mathenaticzl medel for ontinizalion and estnblish o staniaxd for
distinishing botvenn good and trd. After fipguring out n-el method, we can carry ovt a
~ommarison vith 1 wrovious meihod, then, figuring out the melhiods which have the most

future use accor’ing to a [ivon guideline, we can elininate the very numerous methods

nicn have no Tutuve wse; in this woyr we can find the optimunm method without having to
firure out ~1L the ror.itle irethodsy this is a rrocecs of o:timum secleciion.s A proces:
of ihis “ind e cnll ontiiura design,

Accow ing Lo renovte fror abroad, the Americon Boeing Comyany used a tyre of o “im=-

irnvin orogram to ey oubl ovtinmizaiion of the may=lead rlan of a iish-sreed tononort

2ireraft witk the reoudc oL the meorenger my-loed ineransed from 102 sorcons o

i)
i

7z
7
nercons, 2n iceresse of 31 noreont.

Is

field of consiructiony, ontimum decirm is fevelering by Jears wnd

5

bounts, In Simple sirueiures, o iirma decign ~an reduce ralcorials Tos comvered with oriinary

’1.

terigmsy  in somewhat nore cormnlex structures, it con sove 2007 on nzt-rials uzsed andy

in relatively comnlex siructures, it can redunce weight by AS, Por evsnnle, sccordins to

1iternry renorts, non=lincar nrosramiing methods anplied to the d~rign of airecr~ft wings

czn reduee weight by 35 porcent, Ortirnization of sirvetural designs, ovcert for the nost
licht=weisht Jesigns, can st n’ up to the most rigorons structurnl insn»eciion. A o yuectire
is often comrosed of mume:wus <lernmic; the functions of thene different elemerts in the
siructire a3 2 whole are not the same; the influence of their foilure on the t-uciure

a5 a vhole 1s not the samej; hecause of this, the vrobohility of [ ilure of the various

Oy

rloments can be fixed at AilfTerent valuwes, 7This i¢ aprrovriatels reflocted in the chonsing
of relatively hizh strength volves for seconisry -lenents and relatively low sirensth
vizlues for mair ~loments (sic); in this way, 2 Jdooimmn eon be ore - cotorienl than i1 wouln

have beap if unifomm strength volues Bad been used 4 reusheut, and o-lely i also inerensed,.

-7
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wooern e ool e zopliecation of ootimwn deosim by comruter has neny cdvant jes.
novey vy 24 is wortiwhile to »oint out that, ~lthourh menual dosign has its shortcomings,
't olso T s its atrong cointse Tecause nronle have long nerelienl evnorience, ity o
nxe Lirely deeclsions during the desim process, correct dnsirmsy elc, 3§ this in 7o e~
- comrutoet canrot do,  Tmturally, we eon znki can we ro
and Se eirorianes of reonle tosrther?  Tresent Lochnelosies
kind of ~nonbility., At -vesent, it iz ~1 -~dr consible e vitilise the cisting autonniic

1

of comiuters in such a v ~5 w0 (ive 2 nuysicnl represen-—

1 compuleory soreovery i1 ic 2lso rossible fo use a Y1icht

nen to snke cowractions on the e iisnlay divectly nnd in o timely mammers (Vec
v . A . . . 1. P IR . - “ . ‘e . .
bimure P} Geing alons with i, wiile Lhe commuler is rundng, desigmors esn int oprusi

EN

nolzulstiong Trorr Lime Lo tine wing on the situation, correct the innut rorrun nnd
? [ 53 L R i

Fohal fhe oranelenee of nen and the eneed of

croterg are broucht toreiher vy well, in svch o way ‘nat the seleetion of an opiiimm

7lon io the e ult of he d'rect, mutual coonrrniion of man and comyuter, This net only

naltc aprens ooy enlewdations o cwines efielorcy Wty ot the same limey, due to timely
sur~rvicion of mutuzl efforts, we, then, bave the rossibility of undrrzicsding betler the
?nl

“rnl conmeeiions beiveon noobl omg dwring the annlviie PTOCNGEY 110rROVeTy e have 2

Cotter romen of ho 10 nme those efTnative special mabierms to aveid aimlentnens in deoim

134,22, y .

i, nis itind ~f decion crocesz we may 11 machine-a sisted desirme This trne of

~

e " "retive dacim e hod will “ind vide acclieation in the derign derarinenis of ihe aero-

shace irdustry, TICHC 0T L By NG TG JIG
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